This article highlights the results from a large prospective observational study of bilateral tubotubal anastomosis in restoring fertility after tubal sterilization. A total of 6692 women, aged 20-51 years, underwent outpatient bilateral tubotubal anastomosis. Previous clinical studies have been mostly retrospective analyses of small patient populations. The population size of our study outnumbered the total from all previous studies that we found in the English language medical literature. Pregnancy and birth rates among the study population varied widely depending on age and prior sterilization method. These factors, which are known before sterilization reversal surgery, were associated with long-term pregnancy results with a high degree of accuracy when taken into account simultaneously. The crude overall pregnancy rate was 69%. The crude birth rate was 35%. Women under 30 years of age at reversal of ring/clip sterilizations had an 88% pregnancy rate and 62% live birth rate. Pregnancy and birth rates declined as age increased at sterilization reversal. Coagulation sterilization reversals resulted in the lowest rates of pregnancies and births. Ligation/resection reversals had intermediate success rates. The study results show that tubal function can be restored in most patients after bilateral tubotubal anastomosis and can help clinicians and patients better understand the likelihood of pregnancy and live birth after sterilization reversal surgery than has been possible previously. Outpatient tubotubal anastomosis is an effective alternative to in vitro fertilization for restoring fertility after tubal sterilization.
Introduction
As divorce and remarriage have become more common in recent decades, increasing numbers of women with tubal sterilizations want their fertility restored. During the same time frame, the steadily increasing number of assisted reproductive technology procedures has been accompanied by a loss of experience in reparative tubal surgery among reproductive specialists. Few if any academic programs currently teach techniques of surgical sterilization reversal or other tubal reparative operations. Most reproductive endocrinologists consider IVF the preferred, and perhaps the RESEARCH HIGHLIGHT only, fertility treatment for patients with tubal occlusion.
Against this background, the present article highlights results of the initial report from the Tubal Surgery Database at the University of North Carolina, School of Medicine [1] . We studied the pregnancy results of 6692 women who underwent bilateral tubotubal anastomosis in an outpatient facility in Chapel Hill, NC. The number of patients in this single study was larger than the total from all previous clinical studies that we found in the English language medical literature. The patient populations of previous studies ranged from 3 to 960; the median was 44. (A complete list of references is available on request to J.M.T.) The large population size in our study enabled us to analyze associations between patient characteristics and surgery outcomes in greater detail than has been possible previously. 
Methods

Study population
This was a prospective observational study of 6,692 women who underwent outpatient bilateral tubotubal anastomosis in a private outpatient surgical center in Chapel Hill, NC from January 2000 to June 2013. Patient follow-up continued until December 2014 to record pregnancies and pregnancy outcomes.
Characteristics of the patient population
Patients ranged in age from 20 to 51 years of age. The mean age was 34.5 with a SD of 4.5. The distribution by race was white (77%), black (12%), Hispanic (7%), and other (4%). The most common method of tubal sterilization was ligation/resection (40%) followed by coagulation (26%), rings/clips (25%), and combined/other (9%). Patients came for this operative procedure from all 50 US states as well as from 23 foreign countries.
Data collection and analysis
Nurses entered patient information into an electronic database at surgery and at each subsequent contact with patients. The nurses routinely made telephone and email inquiries at 6 and 12 months after surgery to assess pregnancy occurrence and status. After 1 year, reports of pregnancies were patient-initiated via an online Pregnancy Report Form, telephone, email, or postal mail.
We used cross-tabulations to assess associations between patient characteristics and pregnancy as well as pregnancy outcomes. P values were determined with the Chi Square method. The differences among groups in all tables in this article were significant at P<.001.
Kaplan-Meier survival analysis was used to assess associations until time until first pregnancy and time until first live birth with sterilization method and age at sterilization reversal. Since active follow-up ended 1 year after surgery, with voluntary reporting thereafter, we took a conservative approach to mitigate potential bias due to informative censoring. For women who never reported experiencing the event of interest (pregnancy or live birth) and whose last contact was within 3 years' post-surgery, we assumed they did not experience the event during the 3 years. Therefore, the cumulative event probabilities in this report should be interpreted as approximate lower bounds.
Our study was given except status as a quality improvement study by The University of North Carolina at Chapel Hill IRB and Office of Human Research Ethics (IRB Number 14-1783).
Surgical and local anesthesia techniques
Tubotubal anastomosis was performed by joining any two tubal segments -interstitial, isthmic, ampullary, infundibular or fimbrial. Surgery was performed with 4× loupe magnification while adhering to microsurgical principles, although standard surgical instruments were used. Pre-emptive analgesia and local anesthesia were administered to supplement general anesthesia during the operations. Mean operating time was 59 min with a standard deviation (SD) of 12.0 min.
The local anesthetic solution used during the procedure was 0.25% bupivacaine with 1:200 000 epinephrine. This was injected into the skin before making a suprapubic transverse skin incision. Skin and soft tissues were retracted gently with fingers or small hand-held retractors. Local aesthetic solution was injected into the anterior rectus fascia prior to its incision. After dissecting the rectus fascia, the rectus abdominis and pyramidalis muscles were separated in the midline. Upon entering the peritoneal cavity, exposure of the pelvic organs was provided with finger retraction or gentle retraction with a hand-held retractor.
Finger compression was applied to elevate the tubal segments. Finger compression minimized bleeding during transection across the opposing tubal edges. Precise electrocoagulation of vessels was used as needed to achieve complete hemostasis. The tubal lumen was splinted with #1 monofilament polypropylene, passing the stent proximally into the endometrial cavity and distally through the fimbrial end. This ensured patency from the uterine cavity throughout the length of the tube and stabilized the tube during the anastomosis. A retention suture was placed in the mesosalpinx with 3-0 absorbable monofilament glyconate. End-to-end tubotubal anastomosis was performed of the muscularis and serosa with interrupted sutures of 6-0 non-absorbable monofilament polypropylene/polyethylene. The stent was then withdrawn from the fimbrial end of the tube. Throughout the operation, the pelvic organs were irrigated with warm heparinized Lactated Ringer's solution or 0.9% saline solution. After ensuring the irrigating solution was completely clear of hemosiderin pigment, the rectus and pyramidalis muscles were approximated in the midline with interrupted 3-0 absorbable glycolide sutures. These sites were infiltrated with local anesthetic solution. The rectus fascia was approximated with #0 polydioxanone interrupted sutures. These suture sites were also infiltrated with local anesthetic solution. Camper's fascia and Scarpa's fascia were approximated with 3-0 glycolide interrupted sutures. A running suture of non-pigmented 4-0 glycolide was used to close the reticular layer of the skin.
Results
Pregnancy rates
Pregnancy rates stratified by age and sterilization method are shown in Table 1 . Women having ring or clip sterilization reversals had the highest pregnancy rate in all age groups. Coagulation reversals were associated with the lowest pregnancy rates in all age. The pregnancy rate ranged from 88% for women under 30 with ring or clip procedures to 36% for women age 40 and older who had coagulation procedures. The trends are easy to see in Figure 1 .
Cumulative pregnancy incidence curves are shown in Figure 2 . These take into account the time from surgery to first reported pregnancy and the varying times that patients may be lost to follow-up. They reveal a much lower cumulative probability of pregnancy for women 40 or older and a moderately higher pregnancy probability for women who had ring or clip sterilizations.
Pregnancy outcomes
Pregnancy outcome rates by age and by sterilization method are shown in Table 2 . The results are displayed in the next two graphs. Increasing age was associated with increasing miscarriage rates and correspondingly declining birth rates. (Figure 3) . The results regarding sterilization methods are illustrated in Figure 4 . Reversal of ring and clip sterilization resulted in the highest birth rate, lowest miscarriage rate, and lowest ectopic pregnancy rate. Coagulation reversal had the opposite pattern with the lowest birth rate and highest miscarriage and ectopic pregnancy rates.
Live birth rates
Live birth rates by age and sterilization method are presented in Table 3 . The trends are shown in Figure 5 . The combined age and method-specific live birth rates ranged from 63% for women under 30 years with tubal ring/clip sterilizations to 8% for women aged 40 years or older who had coagulation procedures. Ring/clip reversals had substantially higher live birth rates than other methods across all age groups. Figure 6 shows cumulative live birth probability by patient characteristics. The age curves have wider separations than for cumulative pregnancy probabilities. The much higher live birth probability for women with ring/clip sterilizations is also apparent.
Discussion
Sterilization reversal may be an issue unfamiliar to many physicians; yet it has public health implications. More than 180 million women worldwide and 10 million women in the US and have had a sterilization procedure [2] . National Center for Health Statistics reports show that 1 in 8 women with a tubal sterilization and/or their partner wanted the sterilization reversed. Among ever-married women in the USA aged 15-44 years in 1995, 26% reported having a tubal ligation [3] ; and nearly 25% of women with an unreversed tubal ligation said they and/or their partner wanted the sterilization reversed [4] . We can't predict the outcome of treatment for any individual. Since we never have complete information, there is always uncertainty in clinical medicine. We base our decisions and actions all the time on probability. Patients do the same thing. The probability curves and event rates from this study can help inform them about the likelihood of pregnancy and live birth after bilateral tubotubal anastomosis based on their age and method of tubal sterilization. The sterilization reversal operation described in our study is an effective and low cost outpatient procedure. Sterilization reversal surgery, however, is seldom taught in academic training programs for reproductive specialists. We hope the results of this study may rekindle an interest in this type of reproductive surgery.
Our next study of the Tubal Surgery Database will examine the role of tubal factors in the outcomes of surgery. The tubal factors recorded at surgery included tubal segment lengths, diameters, fibrosis, and the various combinations of tubal segments anastomosed. This may provide insight into the relative importance of the various tubal segments in the rates of pregnancy, livebirth, miscarriage, and ectopic pregnancy. The tubal factors may also help explain the associations between sterilization methods, pregnancies, and pregnancy outcomes.
Clinical implications
Tubal anatomy and function can be restored in most cases after tubal sterilization with a relatively simple operation. Outpatient bilateral tubotubal anastomosis is an effective low technology alternative to IVF. We believe that reproductive specialists should be trained and capable of offering surgical sterilization reversal as a treatment option for patients.
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